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Introduction
The harmful effects of acidity and acid rains in forest soils are largely attributed to the toxicity of free aluminium (Al+++) ions. Thompson and Medve (1984) have indicated that several mycorrhizal fungi display a high tolerance of aluminium in aseptic culture, and growth occurs in concentrations of 500 ppm AI+++. In this paper, a similar and even higher tolerance of aluminium is reported among northern ectomycorrhizal fungi.
Material and methods
In the years 1984-1986 aseptic fungus cultures were isolated from fresh basidiocarps, collected in the vicinity of Helsinki, Finland, and kept on 1% malt extract (Difco) or MMN agar (Marx 1969 ) slants at ca. +5°C with transfers about twice a year. In the experiments, aluminium sulphate, Alz(S04h · 16Hz0, Baker anal. reag. 0010, aluminium potassium sulphate, KAl(S0 4 )z · 12H20, Merck pro analysi, art. 1047, or aluminium chloride, AlCl3 · 6Hz0, Baker anal. reag. 002, was weighed into 100 or 250 ml Erlenmeyer flasks. The flasks were closed with cotton plugs and sterilized dry at 130°C for 1 h. Measured amounts of autoclaved hot MMN solution (Marx 1969) were pipetted aseptically onto the aluminium salt, and the salt was allowed to dissolve. In high concentrations KAl(S0 4 )z sometimes later crystallized. An inoculum piece of MMN or ME agar with fungus mycelium was placed floating on the surface of the liquid. Saprophytic species were grown similarly on 1% malt extract (Difco) solution. Radial growth was measured after 14-52 days . The aluminium sulphate medium was very acid; in a concentration of 1 g Al+++/1, the pH was 2.6, in 5 g/1 it was 2.3 and in 10 g/1 it was 2.1 -2.2. Small amounts of precipitate were seen, evidently due to the malt extract. Analysis of the filtrate of the culture medium with an atomic absorption spectrophotometer indicated that the aluminium was in solution and not precipitated.
Results and discussion
The mycorrhizal fungi proved to be very tolerant of aluminium in both the aluminium sulphate and potassium aluminium sulphate solutions. Compared with the mycorrhizal species, the saprophytic basidiomycetes were much more sensitive (Fig. 3) . A few species (Pleurotus ostreatus) did not grow in concetrations of 10 mg Al+++fl, and the maximum concentration for the majority of the 48 species tested was below 100 mg Al+++fl.
In the following saprophytic species mycelial growth did not occur in a concentration of 100 mg Al/1. The pH of this medium was 3.2-3.5. 
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----=e~···--. There is evidently a clear difference in aluminium tolerance between saprophytic and mycorrhizal basidiomycetes, the maximum concentrations being about 100 mgll and 10 g Al+++fl, respectively. The difference might in certain cases be useful for separating mycorrhizal species from contaminating bacteria and fungal mycelia.
Comparison with the harmful concentrations of aluminium reported for other organisms shows that the saprophytic species tolerate about the same level as tree roots (Shier 1984 , Simon & Rothe 1985 , Arovaara & Ilvesniemi 1986 1987) and some other fungi (Firestone et al. 1983 , Orellana et al. 1985 and about the level reported to allow mycorrhizal formation . give higher values for Armillaria. The aluminium tolerance of ectomycorrhizal species seems to be exceptionally high, at least among eukaryotic organisms. However, in the present experiments a mould, Penicillium citrinum Thorn. (determined at CBS, Baarn), grew in the same concentrations of aluminium as mycorrhizal species. In view of the above results, aluminium cannot be regarded as an efficient poison for mycorrhizal species. The most tolerant mycorrhizal species (Suillus luteus, S. variegatus and S. bovinus) are characteristic of podzolic soils, the pH of which may be below 4. Cenococcum is known to be a species of extreme habitats (Meyer 1987) . In acid soils aluminium becomes soluble naturally. Although the aluminium concentrations reported for soil solutions of forest soils are considerably lower (0.4 mM, Ulrich 1980 , 0.2 mM, Nilsson & Bergkvist 1983 , during dry periods the aluminium level may rise. Thus the high tolerance of mycorrhizal species may be interpreted as a natural adaptation to Al-rich conditions in highly acid soils.
